In everyday life, we are often confronted with different task demands at the same time. For example, we might talk on the phone with a colleague and at the same time check our e-mails. Whether or not we are still able to hold a reasonable conversation on the phone essentially depends on the priority assigned to each task (of either talking on the phone or reading the e-mail). That is, while we aim to perform two tasks at the same time, it often is crucial that performing an additional task does not interfere with the prioritized task.
In an experimental setting, a dual-task paradigm is used in which one task is highly prioritized (mostly T1) over the other task (T2). When both tasks share common or overlapping features, prioritized T1 processing needs to be effectively shielded from interference due to additional task (T2) processing. Task shielding thus represents a cognitive control process that allows for the separation of task-specific stimulus-response translation processes (Logan & Gordon, 2001; Meyer & Kieras, 1997) and may be realized by the strengthening of prioritized task processing (Stelzel, Brandt, & Schubert, 2009 ) and/or the temporary inhibition of concurrent task component processing (Koch, Gade, Schuch, & Philipp, 2010) . Therefore, the amount of between-task interference as measured in cross-talk effects can be taken as an index for efficient shielding of prioritized task processing in which efficient shielding is associated with little between-task interference (Fischer & Hommel, 2012; Plessow, Schade, Kirschbaum, & Fischer, 2012; Zwosta, Hommel, Goschke, & Fischer, 2013) . Here, we investigate how (implicit and explicit) context information about the expected between task-interference in a dual-task paradigm can be used for efficient task shielding.
Effects of between-task interference in dual tasks have typically been studied in so-called cross-talk studies investigating interactions between T1 and T2 processing (see Lien & Proctor, 2002 , for an overview). The cross-talk logic assumes that stimulus and/or response features in one task influence processing in the other task provided that both tasks share overlapping properties (Navon & Miller, 2002) . In typical cross-talk studies, the effects of Task 2 processing on Task 1 processing are of primary interest, and the resulting cross-talk effects have repeatedly been taken as evidence for parallel T1-T2 component processing in dual tasking (e.g., Fischer, Miller, & Schubert, 2007; Koch & Prinz, 2002; Lien & Proctor, 2002; Logan & Schulkind, 2000; Miller & Alderton, 2006; Schubert, Fischer, & Stelzel, 2008; Schuch & Koch, 2004) .
Probably the most prominent work in this context came from Hommel (1998) . Participants responded to color or identity of a red or a green H or S in either task. Hommel demonstrated cross-talk effects on response times in Task 1 (RT1) when response codes of both tasks overlapped (R1-R2 compatibility).
That is, responding to color (T1) manually (e.g., red-left finger, green-right finger) and to letter identity (T2) verbally, saying "left" to an H and "right" to an S, for example, resulted in substantial RT1 benefits when the verbal answer "left" coincided with the manual left button press (R1-R2 compatible). RT1 increases were observed when a right manual response in T1 was accompanied with a verbal response "left" in T2 (R1-R2 incompatible).
The Regulation of Control in Dual-Task Performance
A central yet unresolved question within the dual-task domain addresses the flexibility in regulating the appropriate amount of task shielding in a given situation (see also Cohen, Aston-Jones, & Gilzenrat, 2004; Cohen, McClure, & Yu, 2007; Goschke, 2003) . Put differently, how is the strength of task shielding flexibly adjusted to changing task requirements to reveal either more or less task shielding (allowing for more or less between-task interactions)? This is even more relevant because dual-task performance requires a permanent compromise between performance optimization of more serial processing (and thus, reduction of between-task interference) on the one hand and minimizing of mental effort by increasing parallel processing (and the susceptibility to between-task interference) on the other (Lehle, Steinhauser, & Hübner, 2009; Miller, Ulrich, & Rolke, 2009) .
A first, intuitive assumption is the notion of a top-down, voluntary, and strategic regulation of cognitive control in dual-task performance. Often participants are instructed when and to which extent to apply voluntary adjustments of control. Accordingly, the amount of between-task interference (i.e., cross-talk between two tasks) has been shown to depend on explicit instructions that require participants to perform dual tasks in a more parallel or more serial fashion . Indeed, control theories of dual tasking, such as the executive control theory of visual attention (ECTVA; Logan & Gordon, 2001) , assume that a set of cognitive control parameters (that enable, e.g., task shielding or task component shifting) are tuned and regulated in a top-down fashion by explicit instructions at the task level.
Findings of top-down, strategic regulation of cognitive control in dual-task performance demonstrate that participants can in fact voluntarily tune control parameters in performing dual tasks the way they have been told to do. Without instructional guidance, however, to our knowledge, there is only little known about what kind of information participants might be able to extract from the context and use to improve task shielding in dual tasks. For example, it would be plausible to assume that the cognitive system strives to optimize behavior by naturally utilizing any sort of context information provided in the environment (Hull, 1943) that automatically triggers the implementation of prespecified stimulus-response links (Norman & Shallice, 1986) . Such views can also be found in assumptions that generally postulate an outsourcing of behavioral regulations into the environment (Bargh, 2005; Bargh & Ferguson, 2000; Gollwitzer, 1999; Gollwitzer, Fujita, & Oettingen, 2004; Verguts & Notebaert, 2008) . To date, models of strategic regulation of cognitive control in dual tasks, tell only little (if anything) about the possibility of contextsensitive, implicit adjustment of cognitive control. Initial evidence for such claims can be found in studies showing that cognitive control in dual tasks can be regulated on the basis of information provided by requirements of the task to be performed (e.g., Fischer et al., 2007; Luria & Meiran, 2005) , information from prior dualtask unrelated situations that prime and thus bias attentional settings in subsequent dual tasks (Fischer & Hommel, 2012; Plessow et al., 2012; Zwosta et al., 2013) , or information acquired through contextual probabilities in an experimental session (Miller et al., 2009) .
The aim of the present study is to provide evidence for a flexible on-the-fly regulation of cognitive control (e.g., the amount of shielding of prioritized T1 processing) in dual-task performance based on environmental context features. For this, we combined a version of a dual-task paradigm that allowed for the study of shielding of prioritized task processing (Fischer & Hommel, 2012; Logan & Schulkind, 2000) with a paradigm that allowed for context-sensitive adjustment of control, the latter of which is briefly explained in the following section.
Context-Sensitive Adjustment of Cognitive Control
A now common and successful approach to studying contextsensitive priming of cognitive control is the manipulation of proportion congruence (see Bugg & Crump, 2012 , for a review). That is, in typical selective attention tasks, the ratio between congruent and incongruent trials is balanced, and thus, participants cannot predict the upcoming required level of processing selectivity. Proportion congruence refers to the manipulation of the proportion of congruent and incongruent trials within a given context (e.g., list of trials). It has been argued that such list-wide manipulations of proportion congruence (LWPC) facilitate the application of a strategy of adjusting the amount of processing selectivity in a context-sensitive manner (Braver, Gray, & Burgess, 2007; Logan & Zbrodoff, 1979) .
1 For example, in a context of mostly congruent trials, little control in terms of shielding the processing of relevant information from distraction is needed. In contrast, contexts that contain mostly incongruent trials require the maintenance of a high level of processing selectivity and thus strong control engagement. Accordingly, numerous studies have demonstrated larger interference effects for contexts of mostly congruent trials and smaller interference effects for contexts of mostly incongruent trials (Corballis & Gratton, 2003; Gratton, Coles, & Donchin, 1992; Hommel, 1994; Logan & Zbrodoff, 1979; Miller, 1987; Stürmer, Leuthold, Soetens, Schröter, & Sommer, 2002) .
Recent studies have shown that participants are not only able to adjust the required processing selectivity for a specific block of trials but moreover can adjust processing selectivity in an enormously flexible context-specific trial-to-trial manner. For example, Crump and colleagues (Crump, Gong, & Milliken, 2006; Crump & Milliken, 2009; Crump, Vaquero, & Milliken, 2008 ) used a modified Stroop paradigm, in which stimuli presented at a certain location were associated with low conflict proportions (e.g., 25% conflict) whereas stimuli presented at another location were associated with high conflict proportions (e.g., 75% conflict). They consistently found reduced response interference in high conflict locations as compared to low conflict locations. Note that neither the upcoming location nor the stimulus nor the response was predictable in this setting. Moreover, the overall likelihood of conflict across both locations was 50%. The authors therefore assumed that the stimulus onset automatically triggered the associated control state and thus determined the optimum processing selectivity associated with each location (e.g., increased/reduced selectivity for locations with high/low conflict frequencies, respectively). Such context-specific on-the-fly adjustments of interference effects have since been shown for variants of the Stroop task (Crump & Milliken, 2009; King, Korb, & Egner, 2012) , Eriksen flankers task (Lehle & Hübner, 2008; Wendt, Kluwe, & Vietze, 2008) , task switching (Crump & Logan, 2010) or priming tasks (Heinemann, Kunde, & Kiesel, 2009) , and different contextual cues such as location (e.g., Crump et al., 2006; King et al., 2012) , color (e.g., Lehle & Hübner, 2008; Vietze & Wendt, 2009) , or temporal information delivered by foreperiod durations (Wendt & Kiesel, 2011) . These findings of context-specific proportion congruence effects (CSPC) have generally been taken as evidence for the flexible online regulation of cognitive control (for a discussion, see Bugg & Crump, 2012) .
The Present Study
Most importantly, so far, these demonstrations of contextsensitive online adjustments of cognitive control are solely based on single tasks in which only one stimulus or stimulus feature is task relevant and another is always task irrelevant. Thus, a conflict represents the need to focus more intensely on the task-relevant information and to block any processing of distracting information as much as possible, especially because irrelevant information never becomes relevant in these tasks. Because processing requirements differ considerably between single-task and dual-task situations (see, e.g., Stelzel et al., 2009 , for a thoughtful discussion), it is an important and so far unresolved question whether such context-specific on-the-fly adaptation of processing selectivity is also possible in dual-task situations. In particular, the pursuit of an appropriate strategy for efficient interference processing in single tasks eventually must become maladaptive in dual-task situations because there all stimulus information sooner or later becomes task relevant. That is, blocking the currently irrelevant information entirely would not be an adaptive strategy. In contrast, sensory representations of both stimuli need to be maintained in order to proceed to higher processing stages of response selection and execution (cf. Stelzel et al., 2009) . Because the permanent adjustment of graded priorities, that is, the balance between prioritized task shielding and task component shifting, is a characteristic of dual-task situations, it remains unclear if participants will be able to extract and use (e.g., location-specific) context information about the likelihood of between-task interference to adaptively reduce the influence of simultaneous T2 processing from affecting T1 processing.
In order to investigate such on-the-fly adaptations within dual tasking, we adopted a paradigm with which we were able to manipulate the amount of between-task interference and thus the amount of shielding requirements in a dual-task situation (Fischer et al., 2007) . Participants were required to categorize digits as odd or even in both T1 and T2. Performing the same categorization separately for each stimulus makes it necessary to shield the prioritized primary stimulus-response translation, especially when stimuli in each task call for the opposite response (e.g., odd in T1 and even in T2). In this example, the activation of the category even in T2 interferes with the activation of the category odd in T1 and thus needs to be kept separate in order to pursue the prioritized T1 (response-category [RC] incompatible). On the other hand, the demand on shielding of the primary task is rather low when both tasks require the same stimulus-response translation process (RC compatible). Here, the simultaneous activation of the same category (e.g., odd) in T1 and T2 results in a faster categorization of the stimulus in the prioritized primary task (Fischer et al., 2007; Logan & Schulkind, 2000; Oriet, Tombu, & Jolicoeur, 2005) . Taken together, this RC compatibility effect can, therefore, serve as an index of effective T1 shielding and thus the engagement of cognitive control: the smaller the compatibility effect, the stronger T1 shielding.
Both dual-task stimuli were presented either at Location A (say, above) or at Location B (say, below; see also Crump et al., 2006) . Each location was associated with either a high proportion (i.e., 80%) of RC compatible trials (low T1 shielding demand) or a low proportion (i.e.., 20%) of RC compatible trials (high T1 shielding demand). Even though location was associated with differential attentional processing selectivity demands (high vs. low T1 shielding) as in typical CSPC studies, location was not associated with a particular task, stimulus, or response. In addition, the overall RC compatibility ratio was 50%. Therefore, only the stimulus onset at a given location revealed the control requirements associated with this particular location, presumably triggering the adjustment of processing selectivity by applying the context-specific control setting.
In Experiments 1 and 2, we investigated the extent to which the cognitive system can register and utilize implicit 2 regularities from the context (i.e., associations between context and the likelihood of between-task interference) for the flexible ad hoc adjustment of local control settings in dual-task performance. If participants can actually use the location information (that is associated with high vs. low shielding demands) to adjust control settings, we should find enhanced task shielding in terms of reduced RC compatibility effects in T1 performance for trials occurring at locations with high task-shielding demands.
Experiment 1: LWPC and CSPC in Dual-Task Situations
Experiment 1 consisted of two experimental sessions. We tested for LWPC effects in dual-task situations in Session 1 and for CSPC effects in Session 2. Because it has been reported that CSPC effects develop slowly and often are only detectable at the end of the experimental session or after an explicit practice session (Bugg et al., 2008; Crump & Milliken, 2009; Lehle & Hübner, 2008) , Session 1 also served as practice session for the test of the CSPC effects in Session 2. For this reason, in Session 1, participants 2 We use the term implicit to refer to manipulations of statistical trial frequencies (contingency manipulation) the information of which is not explicitly provided to the participants. The term implicit thus denotes the independent manipulation of the conflict information but does not necessarily imply that the knowledge that the participants might acquire in the course of the experiment is also implicit in nature. This document is copyrighted by the American Psychological Association or one of its allied publishers.
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ADJUSTMENT OF CONTROL IN DUAL TASKS practiced dual-task trials that were presented block-wise either at the location above or at the location below. Each block included a LWPC manipulation with a specific RC compatibility frequency. For example, Participant A received all dual-task stimuli in the block of mostly RC compatible trials at the upper location. Accordingly, stimuli for the subsequent block of mostly RC incompatible trials were presented at the lower location (and vice versa). The location of stimulus presentation in this LWPC manipulation thus served to ensure that associations between location and conflict frequencies were established (Lehle & Hübner, 2008) . In Session 2, trials were presented randomly at either location while the frequency manipulation of RC compatibility trials at each location was held constant to Session 1 for a given participant. That is, for Participant A, trials occurring at the location above would mostly be RC compatible, whereas trials occurring at the location below would mostly be RC incompatible in Session 2. This design tested for LWPC effects in a dual-task situation in Session 1 and for CSPC effects in Session 2.
To reiterate, the extent to which participants are able to extract and utilize the context information (i.e., associations between location and T1 shielding demand) should be reflected in a location-specific modulation of between-task interference (RC compatibility effects). More precisely, LWPC effects should result in smaller RC compatibility effects in blocks with 80% incompatible trials and conversely in larger compatibility effects in blocks with 80% compatible trials in Session 1. In Session 2, CSPC effects should result in smaller RC compatibility effects for trials occurring at the location with 80% incompatible trials and larger compatibility effects for trials presented at the location with 80% compatible trials. Statistically, we thus expect an interaction of location-dependent shielding demands and compatibility in both sessions.
Method
Participants. Twenty students of the Technische Universität Dresden, Dresden, Germany (13 male, 18 -28 years; mean age ϭ 21.6 Ϯ 2.4 SD), participated in the study. All participants had normal or corrected-to-normal vision and wore ear-surrounding headphones (mute) for noise reduction. Participants received course credits for taking part in the study.
Stimuli and apparatus. The experiment took place in individual test cubicles. Stimuli of Task 1 (S1: 2, 3, 7, and 8) and Task 2 (S2: 1, 4, 6, and 9) were presented in white on black background on a 19-in. TFT monitor (1,280 ϫ 1,024 pixels). All stimuli appeared in Arial font (font size 20) and with a viewing distance of approximately 60 cm, extended to a visual angle of 0.38°h orizontally and 0.66°vertically. A fixation display consisted of eight horizontal dashes (each 2 mm wide and 0.8 mm high, extending to 0.02°and 0.06°, respectively), four above and four below the screen center (see Figure 1) . At each location above and below screen center, the four dashes (10 mm horizontally and 11 mm vertically apart from each other) served as placeholder for S1, presented between the upper two dashes, and S2, presented between the lower two dashes at each location. The four dashes for each location were presented 8.5 mm below and above screen center. Participants responded to S1 with the right index and middle finger pressing the comma and period keys, respectively. They responded to S2 with the left middle and index finger, pressing the Y and the X keys, respectively. Stimulus presentation and data recording were realized on a Pentium I computer with a Windows XP platform (Service Pack 2) using Presentation software (Version 0.71, Neurobehavioral Systems). Responses were given on a QWERTZ keyboard.
Procedure. A trial started with the presentation of the fixation display for 1,500 ms. The onset of S1 at one location was accompanied by the offset of the placeholders in the opposite location. S1 was presented between the upper two dashes for 40 ms and was followed by S2 between the lower two dashes. After S2 onset, both stimuli remained on the screen for 1000 ms. We therefore used a constant 40-ms stimulus onset asynchrony (SOA) between S1 and S2 and refrained from using systematic SOA manipulations as in typical dual-task studies because RC compatibility effects are most pronounced at short SOAs. A trial terminated with response execution or when the response exceeded 2,500 ms. Trial termination was followed by feedback for 500 ms. For correct responses, the word richtig (correct); for incorrect responses, the word falsch (erroneous); and for responses exceeding the response window or for misses, the words zu langsam (too slow) were presented. Following a random and variable response-fixation interval (100 -1,000 ms in steps of 100 ms), the next trial started.
Participants were instructed to categorize S1 as well as S2 according to the parity level odd versus even. They were asked to respond as fast and accurately first to S1 (Task 1 priority) and only subsequently as fast and as accurately to S2. Task-order reversals were recorded as error, and feedback was provided accordingly. For S1, participants responded with the right index finger to odd and with the right middle finger to even digits. For S2, participants Figure 1. Experimental procedure in the present study. Note that the square in the center of the fixation display serving as cue was not present in Experiment 1, was present but noninformative in Experiment 2, and served as informational cue in Experiment 3. This document is copyrighted by the American Psychological Association or one of its allied publishers.
responded with the left index finger to odd and with the left middle finger to even digits, respectively. The experiment consisted of two experimental sessions conducted on 2 consecutive days. Each session started with 16 dualtask practice trials to get familiarized with the dual task. The proportion of RC compatible/incompatible trials was balanced, and the fixation display, centrally presented, contained four horizontal dashes to indicate position of S1 and S2, respectively.
In Session 1, participants performed two blocks of 160 trials each, in which the proportion of RC compatible trials was manipulated. A high task-shielding demand block contained 20% RC compatible and 80% RC incompatible trials. Accordingly, a low task-shielding demand block contained 80% RC compatible trials and 20% RC incompatible trials. The order of blocks was counterbalanced between participants. Importantly, trials within a block (e.g., high shielding demand block) were exclusively presented at one location (e.g., above). The subsequent block (e.g., low shielding demand block) was then exclusively presented at the opposite location (e.g., below). Participants thus performed a total of 320 experimental and 16 practice trials. Breaks were provided every 40 trials. Session 1 took about 40 min.
In Session 2, participants started again with 16 practice trials and a short 40-trial practice high task-shielding demand block and a 40-trial practice low task-shielding demand block at the location they practiced in Session 1. In the subsequent experimental block, 320 trials were presented randomly at the location above or the location below. Most importantly, the proportion of RC compatible/ incompatible trials was maintained from Session 1 for each location. That is, if participants were predominantly presented with high shielding demand in the location above in Session 1 (80% RC incompatible), they received the same proportion of high shielding demand trials at the location above also in Session 2. Yet random trial presentation at either location ensured an overall proportion of RC compatible trials of 50%. In Session 2, participants performed a total of 416 trials, which took about 50 min.
At the end of the experiment (i.e., after Session 2), a brief interview was conducted to investigate whether participants were aware of the location-specific frequency manipulation of betweentask interference. For this, participants were asked first whether they noticed anything special about the experimental procedure and second whether they had the impression that task difficulty differed between locations.
Design. In both sessions, a 2 (shielding demand: high vs. low) ϫ 2 (compatibility: compatible vs. incompatible) repeated measures design was applied. RTs and error rates served as dependent measures.
Data analysis. Prior to RT analyses in all experiments, all trials with errors in either T1 or T2 were excluded. In addition, trials in which RTs did not fit the outlier criterion (T1 Ͻ 200 ms and Ͼ 2,000 ms, T2 Ͻ 200 and Ͼ 2,300 ms) were also removed. RC compatibility effects were measured in Task 1 (Fischer & Hommel, 2012; Fischer et al., 2007; Hommel, 1998; Logan & Schulkind, 2000) . Repeated measures analyses of variance (ANOVAs) on response times (RT1) and error rates included the shielding demand (high vs. low) and RC compatibility (compatible vs. incompatible) factors. Performance in the dual task was considered successful when two correct responses were provided within the given time window. Also, for either RT analysis (RT1 or RT2), only trials in which both responses were correct were selected for further analysis, which renders equal accuracy for Task 1 and Task 2. Therefore, percent errors were analyzed for both tasks together (see also Logan & Schulkind, 2000) . Complete RT results for RT1, RT2, and errors are presented in Tables A1  and A2 (see the Appendix).
Results
Session 1 (RT1): Blocked (LWPC manipulation of betweentask interference). Error trials (9.8%) and trials that did not fit the outlier criterion (1.9%) were excluded. The shielding demand factor did not significantly affect RTs, F(1, 19) RT2 data. The T2 data show the same result pattern as T1 data (see the Appendix). Therefore, the interpretation of effects in T1 is not compromised by a T1-T2 tradeoff.
Interview data. In the subsequent interview following Session 2, four out of 20 participants recognized one block of trials as more difficult than the other in Session 1. For Session 2, three participants reported increased difficulties when switching between locations. Importantly, for Session 2, none of the participants reported having noticed any peculiarities or anything special about the experimental procedure that would relate to the frequency manipulation.
Discussion
As illustrated in Figure 2 , in the blocked session (Session 1), participants revealed a location-specific (i.e., block-dependent) modulation of task shielding-with stronger shielding at the location associated with increased likelihood of between-task interferThis document is copyrighted by the American Psychological Association or one of its allied publishers.
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ence. Importantly, in the randomized Session 2, a less pronounced but highly significant interaction in the same direction was found. That is, participants actually showed a smaller RC compatibility effect at the location that was associated with higher shielding demands than at the location that was associated with lower shielding demands. Because participants had no preknowledge about the location of the upcoming trial, it can be concluded that participants flexibly adjusted T1 shielding in accordance with the location-specific shielding demands. Moreover, none of the participants reported any notice of location-specific differences (e.g., difficulty), suggesting that participants implicitly picked up utility cues in the environment to adjust cognitive control settings on a trial-to-trial basis in the dual-task context, too.
Experiment 2: CSPC in Dual-Task Situations
In Experiment 1, we demonstrated that processing selectivity in dual tasks can flexibly be adjusted in a trial-to-trial manner after associations between context features and control settings have been acquired and extensively practiced. In Experiment 2, we aimed to provide further evidence for this flexible online adjustment of control. More specifically, we asked whether findings of Experiment 1 could be replicated when no LWPC served as practice (Session 1 of Experiment 1). Participants now performed a single CSPC session (like Session 2 of Experiment 1), which was divided into two parts, the CSPC practice part in which locationspecific control requirements had to be acquired and the CSPC test part in which the location-specific control adjustments were tested. The two parts were captured in the added experimental part (practice vs. test) factor.
Method
Participants. A new sample of 20 students of the Technische Universität Dresden (four male, 18 -50 years; mean age ϭ 24.5 Ϯ 7.5 SD) participated in the study. All had normal or corrected-tonormal vision. Participants received course credits or ice cream for taking part in the study.
Stimuli, apparatus, procedure, and design. Stimuli and apparatus were identical to Experiment 1. The only difference was a slight change in the fixation display, in that a white square (0.9°v isual angle) was presented at screen center in addition to the eight horizontal dashes. In Experiment 2, this square served no purpose (but see Experiment 3 for further elaboration). Experiment 2 was identical to the procedure and design of Session 2 in Experiment 1. The CSPC practice and test parts consisted of 160 trials each.
Results
Complete RT results for RT1, RT2, and errors are presented in Tables A1 and A2 (see the Appendix). For RT analyses of Task 1, error trials (4.4%) and trials that did not fit the outlier criterion (2.0%) were excluded. The remaining trials of Task 1 performance were entered into a repeated measures ANOVA with the factors Shielding Demand (high vs. low) ϫ RC Compatibility (compatible vs. incompatible) ϫ Experimental Part (practice vs. test).
RT1 data. The RC compatibility factor was significant, with larger RTs in incompatible (990 ms) compared to compatible conditions (838 ms), F(1, 19) ϭ 83.27, p Ͻ .001, p 2 ϭ .81. Most importantly, we found a context-specific adjustment of task shielding, which is reflected in the interaction between shielding demand and RC compatibility, F(1, 19) ϭ 4.67, p ϭ .044, p 2 ϭ .20. This was especially evident in the test part, where we found reduced RC compatibility effects at locations with high compared to low shielding demands (130 ms vs. 180 ms), F(1, 19) ϭ 7.23, p ϭ .015, p 2 ϭ .28. These effects, however, were absent in the practice part (F Ͻ 1; see Figure 3 ). At the same time, the experimental part, shielding demand, and RC compatibility factors were only close to interacting, F(1, 19) ϭ 3.13, p ϭ .093, p 2 ϭ .10. Error data. Error rates were generally larger in the practice (5.3%) than in the test part (3.5%) , F(1, 19) ) . Therefore, the interpretation of effects in T1 is not compromised by a T1-T2 tradeoff.
Additional analysis. To find out more about the learning mechanism underlying the observed context-sensitive adjustment of attentional control settings in the test block, we ran a more fine-grained analysis, including the transition from the previous shielding demand context in N Ϫ 1 into the analysis. Since participants, at the beginning of the experiment, have no reason to expect different shielding demands at different locations, control settings from Trial N Ϫ 1 may be maintained and should initially transfer to Trial N. That is, switching from a low shielding demand context with a relaxed attentional control setting to a high shielding demand context should go along with higher RC compatibility effects than switching from a high shielding demand context (with a more narrowed attentional focus) to a low demand context. Moreover, these effects should change in the course of the experiment because a relaxed attentional focus (when switching from low to high demand) eases the detection of the irrelevant stimulus information and consequently eases the detection of context change. On the other side, a switch from the high demand (with a narrowed attentional focus) to the low demand context should prevent or at least slow down the detection of the context change (see also Abrahamse, Duthoo, Notebaert, & Risko, 2013) . The 2 (shielding demand in N Ϫ 1: high vs. low) ϫ 2 (Transition: repetition vs. switch of shielding demand) ϫ 2 (RC compatibility) ϫ 2 (experimental part) ANOVA revealed a highly significant interaction between Transition ϫ RC Compatibility ϫ Shielding Demand N Ϫ 1, F(1, 19) ϭ 9.06, p ϭ .007, p 2 ϭ .32. This interaction was absent in the practice part (F Ͻ 1) but was most pronounced in the test part, F(1, 19) ϭ 7.89, p ϭ .011, p 2 ϭ .29. In the test part, a previous low demand context in N Ϫ 1 resulted in a stronger reduction of the RC compatibility effect when switching to a high demand context, F(1, 19) ϭ 10.91, p ϭ .004, p 2 ϭ .36, whereas a previous high demand context in N Ϫ 1 did not affect the RC compatibility effect when switching to a low demand context (F Ͻ 1; see Figure 4 , top panel). In the practice part, we found an RC Compatibility ϫ Shielding Demand N Ϫ 1 interaction, F(1, 19) ϭ 8.81, p ϭ .008, p 2 ϭ .32, reflecting the fact that the RC compatibility effect was higher on trials following a low shielding demand context as compared to trials following a high demand context.
Interview data. The subsequent interview revealed that none of the participants noticed any regularity or contingency. When asked whether performance appeared more difficult in one location than in the other, five participants gave a positive guess without being able to mention any relevant information related to the task manipulation. Four of the guesses indicated the high shielding demand location.
Discussion
Experiment 2 replicated the CSPC effect already observed in Experiment 1. That is, even without a prior session of LWPC manipulation, contextual modulation of the RC compatibility effects was demonstrated. Between-task interference was reduced for locations associated with high shielding demands compared to locations associated with low shielding demands. Although present overall, this contextual modulation of the RC compatibility effect was especially evident in the test part of the experiment and was not observed in the practice part. Again, none of the participants reported any awareness of the CSPC manipulation when interviewed after the experiment.
Experiment 2 thus provides further evidence for the assumption that context information can be extracted from the environment to activate the attentional control settings with the stimulus onset at a given location. Because participants had no preknowledge about the specific location of the upcoming stimulus, it can be assumed This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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that the stimulus onset triggered the adjustment (i.e., retrieval) of the associated attentional control setting. The additional analysis taking the previous shielding demand context into account gave important insights into the learning mechanism underlying the observed context-sensitive adjustment of cognitive control. First of all, the results of the practice block show that initially, attentional control settings are carried over from one context to the other, resulting in higher RC compatibility effects on trials (repetitions and switches) following a low demand context as compared to trials (repetitions and switches) following a high demand context (see Figure 4 , top panel). Second, results from the test block show that the context-sensitive control adjustments are restricted to trials following a low demand context. This makes perfect sense because the detection of a context change is more probable with a more relaxed attentional focus, that is, when coming from a context with low shielding demands. Likewise, the fact that context-sensitive adjustments were not observed when switching from a high demand context to a low demand context can be explained accordingly: Switching from a high demand context (and thus a narrowed attentional focus) to a low demand context makes the detection of the context change less probable (Abrahamse et al., 2013). Overall, the results thus suggest that participants were able to learn the differential control requirements associated with the respective locations, especially when switching from low to high demand contexts. Results of the test block show that participants were able to adjust to the high shielding demands as evidenced by the reduced RC compati- Response times (RTs) in T1 for the no-cue (Experiment 2) and shielding cue and location cue conditions (Experiment 3), respectively. RTs are further presented as a function of experimental part, shielding demand in N Ϫ 1, transition of shielding demand, and response-category compatibility. For the practice part of Experiment 2 and Experiment 3 (shielding cues), a previously used attentional control setting (N Ϫ 1) was transferred into the current Trial N irrespective of context repetitions or context switches. Only in the test part were participants able to enhance cognitive control when switching to a high demand context, whereas no relaxation of cognitive control was observed when switching to the low demand context. For location cues in Experiment 3, however, participants demonstrated both an enhancement of cognitive control when switching to a high demand context and a relaxation of cognitive control when switching to a low demand context that was independent of practice (see text for further explanation). Error bars represent standard errors of the mean. LSD ϭ low shielding demand; HSD ϭ high shielding demand; R ϭ repetition of context; S ϭ switch of context; T1 ϭ Task 1; T2 ϭ Task 2. This document is copyrighted by the American Psychological Association or one of its allied publishers.
8 FISCHER, GOTTSCHALK, AND DREISBACH bility effect, but they showed no indication of an adjustment to the low shielding demand context. In other words, we found evidence for a context-sensitive enhancement of cognitive control but no evidence for a context-sensitive relaxation of cognitive control. However, since the detection of a context change as a necessary precondition for such adaptation to occur was less probable when switching to a low demand context, it would be premature to conclude that context-sensitive relaxation is impossible.
Experiment 3: Cuing the Expected Shielding Demand Versus Location
So far, in both experiments, participants needed practice for CSPC effects to occur, which is in line with previous studies also showing that CSPC effects crucially depend on training (Bugg et al., 2008; Crump & Milliken, 2009; Lehle & Hübner, 2008) . In Experiment 3, we tested whether additional explicit information in general may provide a possibility for participants to minimize training requirements and thus to facilitate the utilization of the context information for control adaptation. Recently, it has been suggested that increasing the salience of the critical context dimension amplifies the context-sensitive adjustment of control (Crump et al., 2008) . In Experiment 3, we aimed to investigate (a) whether explicit preknowledge about the context can be used for the appropriate context-sensitive adjustments in terms of enhancement and relaxation without further training and (b) if the answer is positive, what kind of preknowledge can be used. In our design, there are two possible sources of information that might be used to adjust attentional control settings, namely, the location of the stimulus and/or the expected shielding demand.
A straightforward approach to providing either source of information in advance is, prior to each trial, to present precues that directly announce either the required task-shielding demands or the location of the upcoming stimulus. Shielding cues are assumed to provide the possibility for proactive control (e.g., Braver, 2012; Braver et al., 2007) to adjust attentional focus and processing selectivity in advance prior to stimulus onset (Correa, Rao, & Nobre, 2009; Dreisbach & Haider, 2006; Logan & Zbrodoff, 1982; Luks, Simpson, Dale, & Hough, 2007) . Therefore, a priori knowledge about the required taskshielding demand allows for the activation of an abstract attentional control setting (e.g., widened or narrowed breadth of the attentional focus) prior to the onset of both dual-task stimuli. Location cues, on the other hand, allow for a voluntary allocation of visual attention to the expected location of stimulus presentation (Posner, 1980; Posner, Snyder, & Davidson, 1980) , which has been shown to reduce spatial uncertainty and decrease the amount of interference by task-irrelevant distracter stimuli in an Eriksen flankers task (Klemen, Verbruggen, Skelton, & Chambers, 2011) . Even though directing attention to the predicted location does not directly predict the required attentional control setting, it may nevertheless facilitate the retrieval and/or instantiation of the required (location-specific) attentional control setting. In addition, increasing the salience of the task-irrelevant context feature might aid the acquisition of associations between context information (i.e., location) and attentional control setting (i.e., relaxed or increased attentional focus).
Therefore, in Experiment 3, for half of the participants, each trial was preceded by 100% valid cues that announced the shielding demand for the upcoming task. These participants were informed about the nature of RC compatibility and were encouraged to use the cue to improve their performance as much as possible. Conversely, the other half of the participants received 100% valid cues that announced the location for the upcoming task and again were explicitly informed and encouraged to use the cues for preparation.
In sum, we predict that selectively emphasizing the context information by precues will result in an improved ability to pick up and select relevant context information that allows for a contextsensitive adjustment of processing selectivity, that is, acquisition of context-control associations. Furthermore, the direct comparison between the expected cuing effects for location versus shielding demand cues will inform about what kind of information can better be used for the context-sensitive adjustment of cognitive control.
Method
Participants. Forty students of the Technische Universität Dresden (seven male, 18 -39 years; mean age ϭ 22.9 Ϯ 4.4 SD) who did not take part in the previous experiments participated in the study. All participants had normal or corrected-to-normal vision. Participants received course credits or ice cream for taking part in the study.
Stimuli and apparatus. The same stimuli and apparatus were used as in Experiment 2. The only changes made included the square of the fixation display that now served as cue. Twenty participants received shielding cues. Here, for 10 participants, a blue square (hue: 136, saturation: 240, brightness: 120) validly predicted RC compatible trials, whereas a red square (hue: 12, saturation: 240, brightness: 120) validly predicted RC incompatible trials. For the other 10 participants, this assignment was reversed. Analogously, 20 participants received the location cues. Again, for 10 participants, a blue square validly predicted the upper and a red square the lower location of subsequent stimulus presentation. For the other 10 participants, this assignment was reversed.
Procedure and design. Procedure was identical to Experiment 2 except that participants were explicitly informed about the nature of either shielding or location cues and were told to use this information to perform as best as possible in the dual tasks. A 2 (cue: location vs. shielding demand) ϫ 2 (RC compatibility: compatible vs. incompatible) ϫ 2 (shielding demand: high vs. low) ϫ 2 (experimental part: practice vs. test) mixed design was applied. Except for the cue factor, which was manipulated between participants, all factors served as repeated measures (i.e., withinsubjects) variables.
Results
Error trials (7.3%) and trials that did not fit the outlier criterion (2.2%) were excluded prior to RT1 analyses. Complete RT results for RT1, RT2, and errors are presented in Tables A1 and A2 (see  the Appendix) . This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. Figure 5) , as indicated by a close to significant four-way interaction, F(1, 38) ϭ 3.60, p ϭ .066, p 2 ϭ .09. For the practice part (see Figure 5 , upper panel), the important interaction between RC compatibility and shielding demand N was revealed only by location cues, F(1, 19) ϭ 12.20, p ϭ .002, p 2 ϭ .39, but not by shielding cues (F Ͻ 1), which resulted in an interaction between the three factors, F(1, 38) ϭ 5.75, p ϭ .021, p 2 ϭ .13. For the test part (see Figure 5 , lower panel), the context-specific adjustment of task shielding was found for location and shielding cues alike, F(1, 19) ϭ 7.90, p ϭ .011, p 2 ϭ .29, and F(1, 19) ϭ 5.54, p ϭ .030, p 2 ϭ .23 (for location and shielding cues, respectively). Consequently, no three-way interaction was observed (F Ͻ 1). This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. RT2 data. The T2 data show the same result pattern as T1 data (see the Appendix). Therefore, the interpretation of effects in T1 is not compromised by a T1-T2 tradeoff.
PRACTICE TEST
Additional analysis. As in Experiment 2, we added the transition from the previous shielding demand context in N Ϫ 1 into the analysis, which resulted in an interaction between all factors, F(1, 38) ϭ 6.12, p ϭ .018, p 2 ϭ .14 (see Figure 4 , middle and bottom panel). The subsequent post hoc analyses were conducted separately for shielding cues and location cues, respectively.
For shielding cues, similar to Experiment 2, a significant interaction between Experimental Part ϫ Transition ϫ RC Compatibility ϫ Shielding Demand in N Ϫ 1 was found, F(1, 19) ϭ 6.26, p ϭ .022, p 2 ϭ .25. Again, in the practice block, RC compatibility was smaller on post low demand context trials as compared to post high demand context trials, F(1, 19) ϭ 4.46, p ϭ .048, p 2 ϭ .19. In the test block, the higher order interaction Transition ϫ RC Compatibility ϫ Shielding Demand in N Ϫ 1 was again present, F(1, 19) ϭ 5.46, p ϭ .031, p 2 ϭ .22. More precisely, in the test part, a stronger reduction of the RC compatibility effect was observed when switching from a low demand context to a high demand context, F(1, 19) ϭ 10.91, p ϭ .004, p 2 ϭ .36. At the same time, no differences in RC compatibility effects were found when switching from a high demand context to a low demand context (F Ͻ 1; see Figure 4 , middle panel).
Importantly, for location cues, we found the interaction between previous context, transition, and RC compatibility in both practice, F(1, 19) ϭ 16.09, p ϭ .001, p 2 ϭ .46, and test parts, F(1, 19) ϭ 6.33, p ϭ .021, p 2 ϭ .25, alike, F(1, 19) ϭ 1.29, p ϭ .271, p 2 ϭ .06. Furthermore, location cues, irrespective of experimental part, decreased RC compatibility effects when switching from a low demand context to a high demand context, F(1, 19) ϭ 4.87, p ϭ .040, p 2 ϭ .20, and they increased RC compatibility effects when switching from a high demand context to a low demand context, F(1, 19) ϭ 16.69, p ϭ .001, p 2 ϭ .49 (see Figure 4 , bottom panel). Interview data. One participant in the group of location cues reported having noticed a location-specific difficulty that mirrored the context manipulation (results, however, remained the same when excluding the data of this person). None of the other participants reported any notice of the contingency manipulation or any other information related to the experimental manipulation. When directly asked whether one location appeared more difficult than the other, 11 participants took a guess of one location (eight of which indicated the high shielding demand location). Thus, it is possible that participants may have had some knowledge of the location-specific context manipulation. At the same time, however, of these 11 participants, one reported difficulties with switching between locations, and three other participants mentioned different difficulties related to the cue color of the shielding and location cues, respectively. Four other participants explicitly stated that they knew of no reason why they indicated a particular location as more difficult than the other.
Discussion
In Experiment 3, explicit cues were provided that announced either the expected shielding demand or the location of stimulus presentation in the following dual-task trial. It was tested whether participants could utilize the information revealed by the cues to establish an immediate or more pronounced context-sensitive adjustment of task shielding.
The results were straightforward. Context-sensitive adjustment of task shielding was found not only in the test block but also in the practice block, confirming an earlier onset of the context-sensitive modulation of RC compatibility effects. Most importantly, however, the earlier onset of the context-sensitive adjustment of task shielding in the practice block was exclusively restricted to cues that predicted the upcoming location. Cues that predicted the shielding demand of the next trial virtually mirrored results of Experiment 2, showing an adjustment in the test block only.
In addition, follow-up analyses including the transition from the previous shielding demand context in N Ϫ 1 confirmed findings from Experiment 2 for the shielding cues. That is, again, contextsensitive adjustments of cognitive control were found only after practice and only when switching to the high demand context. Interestingly, the location cues could be used for both the instantaneous enhancement and the relaxation of attentional control settings in accordance with the location-specific shielding demand. More precisely, irrespective of experimental part, we found reduced between-task interference when switching to the high demand context reflecting a narrowed attentional control setting. Conversely, in both experimental parts, we found increased between-task interference when switching to the low demand context reflecting a relaxed attentional control setting. This suggests that anticipating the upcoming location as indicated by location cues enables a more efficient (pre)activation of the attentional control set associated with this location.
General Discussion
The present study has been dedicated to investigating how implicitly versus explicitly delivered information about upcoming control demands can be used for the context-sensitive adjustment of cognitive control in a dual-task environment. Regulation of control was reflected in determining the shielding of prioritized task (T1) processing from interference induced by concurrent additional task (T2) processing (RC compatibility). In particular, we tested to which extent implicit and explicit context information can be utilized to regulate and adjust the appropriate amount of task shielding in a given context.
In three experiments, we created different contexts of either high or low task-shielding demands calling for differential involvement of cognitive control. In particular, we presented mostly RC compatible trials in one location (low shielding demand) and mostly RC incompatible trials in another location (high shielding demand). In Session 1 of Experiment 1, the context was blocked. That is, dual-task stimuli were presented exclusively in one location including a low percentage of RC incompatible trials (low shielding demand) and then in the other location including a high percentage of RC incompatible trials (high shielding demand). In Session 2 (see also Experiments 2 and 3), stimuli were presented randomly at either location of high versus low shielding demands (CSPC). This document is copyrighted by the American Psychological Association or one of its allied publishers.
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Results revealed that participants were able to utilize the implicit context information and to adjust the amount of task shielding according to the context (location) of high versus low taskshielding demands. That is, we consistently found increased task shielding (i.e., smaller RC compatibility effects) at locations with high shielding demands and reduced task shielding (i.e., larger RC compatibility effects) at locations associated with low shielding demands. This was most pronounced for list-wide manipulations of shielding demands (Experiment 1, Session 1) but was also clearly present for trial-to-trial context-specific adjustments of control (Experiment 1, Session 2, and Experiments 2-3, respectively). The additional analyses, taking the switching direction between shielding contexts into account, provided interesting information about the mechanism underlying the observed contextspecific adjustments of task shielding (see below). Furthermore, participants were generally not aware of the contingency manipulation (Crump et al., 2006) . Except for one participant in the location cue condition, none reported any insight into the contextspecific modulation of different RC incompatible trials. At the same time, it is still possible that participants might have gained some implicit knowledge about the context-specific frequency manipulation.
Mechanisms of Context-Sensitive Adjustment of Control: Evidence From Shielding and Location Cues
In line with previous CSPC studies, the context-sensitive adjustment of cognitive control in Experiment 2 was evident only in the CSPC test block, suggesting a dependence on practice (Lehle & Hübner, 2008) .
3 Experiment 3 served to optimize the utilization of incidental context information by highlighting selected aspects of the association between the task-irrelevant context cue (i.e., location) and the attentional control setting for this context (demands on task shielding). For this, explicit information was provided by means of cues that either validly announced the RC compatibility and thus the shielding demand of the next trial or indicated the subsequent location of stimulus presentation. Importantly, cues did not allow predicting individual stimuli or responses in the dual task. However, since shielding cues, for example, explicitly revealed the subsequent RC compatibility status, which was confounded with stimulus location, it would have been possible for participants to predict the to-be-expected location of stimulus presentation as well. Conversely, the shielding demand can also be inferred from the location cue, which is also confounded with the frequency manipulation of RC compatible versus incompatible trials at each location. We reasoned that participants should be able to utilize the information provided by the cues in order to recruit expectancy-related top-down executive control and optimize interference control accordingly.
The proposed interaction between explicitly cued information and implicit context information resulted in the observation of a context-specific adjustment of task shielding not only in the test block but also immediately in the practice block. Importantly, the size of the context-specific adjustment of task shielding in the test block was not affected by different cue conditions. Yet the early onset of the context-specific adjustment of task shielding in the practice block was selectively and exclusively driven by cues that predicted the location of stimulus presentation. In contrast, knowledge about the shielding demand (i.e., RC compatibility status) revealed a result pattern that virtually replicated the data pattern of the no-cue condition in Experiment 2. That is, the knowledge about the required processing selectivity in the following trial cannot be utilized to recruit proactive control (e.g., Braver, 2012; Braver et al., 2007) and adjust the attentional filter (Correa et al., 2009; Dreisbach & Haider, 2006; Logan & Zbrodoff, 1982; Luks et al., 2007) . It was argued that proactive control prepares/activates an abstract attentional control setting (e.g., widened or narrowed breath of the attentional filter) that then optimizes prioritized Task 1 processing when stimuli are presented at a given location. Clearly, in the present study, this was not the case. It is conceivable, for example, that the utility of an a priori activated abstract attentional control setting depends on the possibility of a prespecification of response parameters (Wühr & Kunde, 2008 ) that were not provided in the present study. On the contrary, using two sets of four digits as stimuli in Tasks 1 and 2 amounts to eight combinations for each RC compatibility status, which also minimizes potential effects of item-specific control adjustments (Bugg & Crump, 2012) . 4 Thus, in Experiment 3, a priori activations of abstract attentional control settings by shielding cues were unlikely because participants did not have (or acquire) explicit knowledge about how to prevent between-task interference. Consequently, they did not know how to use the respective demand cues. Comparable effects are also known from the task switching literature, showing that transparent cues, which provide specific information about the upcoming task, can be more efficiently used for preparation than less transparent cues, which first have to be interpreted (e.g., Logan & Schneider, 2006; Miyake, Emerson, Padilla, & Ahn, 2004) .
These findings are also in accordance with results from a recent study by Ghinescu, Schachtman, Stadler, Fabiani, and Gratton (2010) , who showed that precues induced an expectancy of compatible, neutral, or incompatible flanker trials, resulting in an implicit acquisition of those regularities (i.e., cue-compatibility association) that modulated the flanker effect. Importantly, however, additional instructions about the value of the precues did not affect the implicit acquisition and utilization of the cuecompatibility association. Similarly, Crump and colleagues (2008) showed that general awareness (i.e., complete information about the location-specific conflict frequency manipulation) did not change the CSPC effect.
By contrast, location cues obviously could be used instantaneously. One possible reason might be that location cues facilitate directing visual attention toward the expected location and thus 3 Although findings of context-sensitive adjustment of cognitive control generally appeared only in the test part and were absent for the practice part (Experiment 2s and 3, shielding cues), it should be noted that for some analyses, an interaction with the experimental part (practice vs. test) factor fell just short of statistical significance. However, learning regularities from the context is typically assumed to proceed gradually. We therefore think that the lack of an interaction with experimental part by no means compromises the interpretation of our results. 4 In this respect, it should also be noted that the contextual modulation of the RC compatibility effect in the present design has to be distinguished from contextual modulations of mere response priming (Heinemann et al., 2009) , as in the present dual-task paradigm, different responses (i.e., response hands) were used for Task 1 and Task 2. Therefore, we consider the present contextual manipulation as control over shielding a primary stimulus-response translation process from interfering with simultaneous secondary stimulus-response translation processes (i.e., task shielding). This document is copyrighted by the American Psychological Association or one of its allied publishers.
12 FISCHER, GOTTSCHALK, AND DREISBACH generally increase the salience of the task-irrelevant context information (e.g., location of stimulus presentation). This interpretation is also in line with the recent study by Crump et al. (2008) . They showed that nonexisting CSPC effects for shape context cues (instead of location cues) can be overcome when directing attention to the predictive context dimension by having participants count the numbers of different shapes throughout the experiment. The findings of the present study, however, extend their results by demonstrating that directing attention to the task-irrelevant location context did not generally increase the context-specific adjustment of task shielding but resulted in an earlier onset of the context-specific adjustment of control already in the practice session of Experiment 3, which was not observed in the practice session of Experiment 2. Interestingly, even though the location cue was not 100% valid for the expected task demand (whereas the shielding demand cue was), it could be used to specifically reduce between-task interference. If the cue had been used only to better predict the location of the stimulus irrespective of the associated shielding demand, no interaction with shielding demand should have occurred.
The fast implementation of the context-specific adjustment of task shielding with location cues, on the other side, may suggest that these cues can facilitate the (presumably implicit) acquisition of the association between location and attentional control setting. It is conceivable that selectively emphasizing the context information reduced informational noise, which resulted in an increased ability to pick up and select relevant context information. In this vein, location cues might have helped to register the incidental contingency between location and related task-shielding demand, which consequently allowed utilizing this information for the adjustment of the required attentional control settings. Alternatively, it is also likely that location cues do not necessarily speed the registration of the context-specific contingency manipulation but promote the ability to activate the required control setting once the location of subsequent stimulus presentation is defined. That is, dynamic adjustments of control are triggered by exogenous stimulus features such as stimulus onset itself at the location of high versus low task-shielding demands.
Mechanisms Underlying the Context-Sensitive Adjustments: Evidence From Sequential Context Change
Including shielding demand in Trial N Ϫ 1 made it possible to look further into the processes underlying the observed contextspecific control adjustments. In particular, in Experiments 2 and 3, with shielding cues we found an interaction of RC compatibility and shielding demand in N Ϫ 1 in the practice part. This speaks for the assumption that at the beginning of the experiment, when participants have no expectations for location-specific shielding demands, the amount of between-task interference is mainly determined by the attentional control setting carried over from the previous trial: In both experiments, RC compatibility was higher when coming from a low shielding demand context as compared to a high shielding demand context. In the test block, in both experiments, we then found location-specific adjustments of cognitive control only when participants switched from the low to the high demand context. This specific data pattern leads us to conclude that participants mainly learned the location-specific shielding demands from situations where they entered a high demand context in a rather relaxed control modus (i.e., coming from a low demand context), which made the detection of the context change more probable. When switching from the high demand context (with a narrowed attentional focus) to the low shielding demand context, however, the context change was harder to detect (see Goschke & Dreisbach, 2008 , who also reported reduced detection of relevant context information on trials with increased shielding demands). Therefore, the context-specific adjustment of cognitive control was only found in one direction, namely, when switching to the high demand context (King et al., 2012) . In other words, after practice, participants increased task shielding on the fly when switching into the danger zone of high shielding demands, but they did not relax task shielding when switching into the comfort zone of low shielding demands presumably because the latter context change could less easily be detected. Location cues, by contrast, obviously helped to better detect and learn context changes in both directions: Irrespective of practice, we now found context-specific enhancement and relaxation of cognitive control when switching to the high versus low shielding demand context, respectively. More precisely, location cues announcing a switch into the high demand context triggered the enhancement of cognitive control and thus resulted in reduced between-task interference. Location cues announcing a switch to the low demand context triggered the relaxation of cognitive control and thus resulted in increased between-task interference. This specific effect obviously goes beyond previous findings of CSPC effects by showing that preparatory adjustments to upcoming shielding demands can be found for both an increase and a decrease of attentional control settings.
Context-Sensitive Adjustment of Control in Dual Tasks
In the present study, we focused on the control mechanism of task shielding that serves to reduce interference of additional Task 2 processing on prioritized and primary Task 1 processing.
First of all, results of all three experiments clearly demonstrated that shielding-specific regularities within a given context can be used to adjust cognitive control in dual tasks (e.g., regulating the amount of task shielding), thereby extending previous research on context-specific adjustments of cognitive control in single tasks. In addition to an extension and generalization of contextual cuing from single tasks to dual-task contexts, the present results also have important implications for the question of how cognitive control in general is regulated and adjusted in dual tasks. Theoretical models of dual-task performance that account for such between-task interactions have assumed that mechanisms of cognitive control are responsible for multiple-task coordination and task shielding (Logan & Gordon, 2001; Meyer & Kieras, 1997) . The strategic response deferment model (Meyer & Kieras, 1997) postulates, for example, that participants may strategically delay Task 2 processing in order to minimize between-task interference and thus to optimize shielding of primary task processing. Similarly, in the executive control model of dual-task performance (Logan & Gordon, 2001) , it is assumed that cognitive control parameters are regulated in a top-down fashion by task instructions.
The present study provides important insight into the bottom-up regulation of cognitive control in dual tasks without instructional This document is copyrighted by the American Psychological Association or one of its allied publishers.
13
guidance. It can be assumed, for example, that incidental context information is used in order to enable an efficient allocation of cognitive resources in dual tasks. In the light of capacity sharing accounts of dual-task processing (Tombu & Jolicoeur, 2002 , 2003 , it has been argued that participants engage in different processing modes to optimize resource investments in dual-task performance ). The identification of high versus low demand contexts offers the possibility of a selective context-specific recruitment of cognitive control to optimize the allocation of resources to engage in a more interactive (e.g., parallel) or more separate (e.g., serial) dual-task processing mode. In the framework of ECTVA (Logan & Gordon, 2001 ), our findings suggest that not only explicit instructions but also environmental context information determine the setting of cognitive control parameters. The advantage of ECTVA is that it clearly specifies how between-task interference arises. ECTVA, however, does not go into much detail about how control parameters are implemented to allow for a flexible adjustment of dual-task processing mode (e.g., more parallel vs. more serial) to meet changing environmental demands. Here, we could demonstrate the possibility of a contextual priming of control parameters such as contextually biasing the weight of the priority parameter toward a stronger prioritization of Task 1 stimuli. Furthermore, it is also possible that context features affect the feature catch parameter c that influences the perceptual organization of the display. The context of task performance might lead to an increased weighting of the c parameter toward a more narrowed attentional scope at the location of higher shielding demands (e.g., Wendt, LunaRodriguez, & Jacobsen, 2012) .
This said, the present study provides fertile grounds and further guidance in the study of bottom-up triggered contextual regulation of cognitive control in dual tasks. The present dual-task paradigm using two identical stimulus categorization rules in Task 1 and Task 2 and a constant SOA between both tasks specifically served the purpose of studying the adaptive context-sensitive regulation of task shielding. At the same time, however, combining a dualtask paradigm and a paradigm for studying bottom-up priming of control offers the possibility to address the contextual regulation of other cognitive control parameters in the scheduling and coordination of dual-task performance (see, e.g., Miller et al., 2009) . That is, to date, it is unclear whether other cognitive control mechanisms (e.g., online order control, task component shifting) in dual-task coordination can also be adjusted and regulated by context-specific manipulation (further work along those lines is currently underway in our labs).
In a more speculative applied framework, the present work may inspire the design of human-machine interaction displays. Knowing that attentional control settings can be acquired on the basis of incidental features in the environment, specific spatial areas in the visual field may be associated with specific attentional sets that are needed for desired task processing, for example, more interactive versus more separate dual-task processing. These attentional control sets can be activated on a trial-by-trial basis to favor the desired processing mode. Importantly, the present work shows that costs of activating a control setting when the context switches can be reduced by means of precues validly predicting the upcoming location and thus allowing for a more efficient activation of the required attentional control setting.
Taken together, the results presented here show that contextsensitive adjustments represent an important factor in the regulation of cognitive control in dual-task performance. In three experiments, we were able to show that between-task interference was reduced at locations associated with high control demands compared to locations associated with low control demands. The observation that explicit foreknowledge about the required attentional control setting did not help to further affect the contextspecific regulation of task shielding suggests that participants have no metaknowledge about how to intentionally alter control settings. At the same time, providing knowledge about the upcoming context feature (i.e., location) enables a more efficient retrieval and instantiation of the associated attentional control setting. 
